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1   Introduction

For application software, the MCX E31 device supports two Power modes: Run and Standby modes. The
MCUXpresso SDK example uses these modes as its two selectable power modes. Despite this compact model,
a low-power transition still coordinates the processor, clocks, memory, peripherals, I/O, and wake-up sources. It
is not equivalent to executing an isolated WFI instruction.

This application note explains:

1. The Run and Standby power model and the resources that remain available in Standby.
2. The entry and recovery sequence implemented by the MCUXpresso SDK low-level example.
3. How to select a wake-up source, retain the required state, and avoid common low-power integration errors.
4. How to obtain representative board-level Standby current measurements on FRDM-MCXE31B without

modifying the SDK example.

The measurements are intentionally board-oriented. FRDM-MCXE31B is not converted into a data sheet
characterization fixture. Data sheet values are used as contextual references only after the differences in
supply, I/O load, and measurement boundary are stated.

2   MCX E31 power management model

This section defines the application-visible Run and Standby power modes and distinguishes them from the
internal power domains of the device. It summarizes mode behavior, retained resources, device differences,
and the boundary for data sheet comparisons.

2.1  Run and Standby
Table 1 compares the application-visible behavior of Run and Standby described in the MCXE31x Reference
Manual (MCXE31XRM) and the SDK example power_mode_switch_mcxe.

Item Run (FPM) Standby (LPM)

Primary use Executes application, communication,
and computation Wait for a defined wake-up event

Processor Executes normally Run domain is powered down and
application execution stops

Clocks and peripherals Enabled as required by the workload Only Standby-domain and wake-up
resources remain available

Software exit Normal execution flow Startup code runs again after wake-up

Table 1. Application-visible behavior in Run and Standby

The WFI in POWER_EnterStandbyMode() is part of the final entry sequence, but it does not define an
additional Device mode. Wake-up from Standby also differs from return from a shallow sleep. The Run domain
powers up and the startup path executes again. The application must reconstruct the required state from
Standby RAM, nonvolatile storage, or defaults. Table 1 summarizes this transition model.
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Run (FPM)

Normal execution
• Processor is active
• Clocks follow the workload
• I/O operates normally
• Power follows activity

Prepare and enter
Request standby

Wake-up event
Startup -> restore state

Design principle
Standby recovery restarts through startup; it does not resume after WFI.
Define wake source, clocks, I/O, and retained context before entry.
Device- and package-specific limits apply.

Standby (LPM)

Low-power waiting
• Run domain is off
• Wake logic remains active
• Standby RAM is retained
• Startup follows wake-up

Figure 1. MCX E31 two-mode power management model

2.2  Retained resources and power domains
The Run domain contains the main execution resources and is powered down in Standby. The Standby domain
retains the power-management and wake-up infrastructure needed to detect an event and start recovery.
Important resources include the power-management controller, reset and wake-up logic, selected internal or
external clock sources, RTC, SWT0, PIT0 RTI, LPCMP instances, and Standby RAM. For more details, see the
MCXE31x Reference Manual (MCXE31XRM). Table 2 links each resource to its design consequence.

Resource Standby use Design implication

Standby RAM Retain selected application context Retain only the state required to
reconstruct the application

SIRC, FIRC, oscillators Supply a selected Standby or wake-up
function

Keep only the clock required by the
wake-up contract

WKPU Route internal and external wake-up
events

Clear stale events before entry and
after recovery

RTC, SWT0, PIT0 RTI Generate timed wake-up events Select according to time base,
accuracy, and software ownership

LPCMP Monitor an analog threshold or round-
robin input

Include analog settling and input bias in
the power budget

Pad keeping Preserve or define selected I/O states Configure every externally connected
pin intentionally

Table 2. Standby-domain resources and design implications

2.3  Device differences
Table 3 lists the data sheet device differences that affect this application note. For more details, see the SIL2
robust 5V Arm Cortex M7 MCU Data Sheet (MCXEP172M160FB0).

Item MCX E315/316 MCX E317 MCX E31B

Maximum core frequency 120 MHz 120 MHz 160 MHz

Standby RAM 16 kB 32 kB 32 kB

FRDM procedure in this
document Not applicable Not applicable Applicable

Table 3. MCX E31 device differences relevant to Standby
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The software concept applies across the family, but the board procedure must not be copied to a different
device, package, or development board without checking its supplies, I/O domains, wake-up routing, and
connections.

2.4  Boundary of data sheet comparisons
The MCX E31B data sheet lists the typical Standby supply currents in Table 4. For more details, see the SIL2
robust 5V Arm Cortex M7 MCU Data Sheet (MCXEP172M160FB0). The data sheet marks these current data as
preliminary and based on first samples.

Standby condition Typical VDD_HV_A current Typical VDD_HV_B current

All clocks and peripherals off 50 µA 1.8 µA

SIRC on 52 µA 1.8 µA

FIRC on at 24 MHz 0.91 mA 1.8 µA

Table 4. MCX E31B data sheet typical Standby supply currents at 25 °C

The data sheet conditions include VDD_HV_A = VREFH = 5 V, VDD_HV_B = 5 V, 25 °C, typical silicon,
and no I/O load. The experiment in this document keeps SIRC enabled, retains the FRDM-MCXE31B board
connections, and supplies VDD_HV_B at approximately 3.3 V. Therefore, the data sheet numbers are scale
references, not compliance limits, or absolute characterization targets.

3   Standby software flow

This section maps the MCX E31 Standby requirements to the MCUXpresso SDK Low-level power mode switch
example. It covers the entry sequence, startup-based recovery, clock and regulator handling, and Standby I/O
configuration.

3.1  Entry sequence
The FRDM-MCXE31B low-level example performs the following sequence, consistent with the required
reference-manual entry order. For more details, see MCXE31x Reference Manual (MCXE31XRM) and
power_mode_switch_mcxe:

1. Configure and clear the selected wake-up source.
2. Wait for debug-console transmission to complete, then deinitialize the console and UART pins.
3. Apply board-specific handling to the JTAG TDI pin.
4. Switch the system to 48 MHz FIRC as required for Standby entry, then disable PLL, FXOSC, SXOSC, and

unused clocks.
5. Select which clock remains active in Standby.
6. Configure the power regulators and Standby I/O state.
7. Disable unused peripheral clocks and call POWER_EnterStandbyMode().

Figure 2 shows where the software preparation ends and startup-based recovery begins.
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Run-time standby preparation

1 Define the wake-up contract
Wake source, clocks, context, and I/O

2 Configure and clear the wake-up source
Arm WKPU and clear stale status

Key boundary
POWER_ExitFromStandbyMode() checks the MC_ME previous-mode record.
Recovery starts through startup, not after the entry call.

Startup and recovery

3 Quiesce activity and configure I/O
Finish UART; JTAG TDI low; PTB23 input

5 POWER_EnterStandbyMode()
Request mode and execute WFI

Standby
Run domain off; wait for the event

Wake-up

4 Configure standby resources
Use 48 MHz FIRC; disable unused clocks

Apply power and standby I/O settings
7 Restore After standby

Restore I/O; clear wake source
Rebuild application state  

Normal boot or
other reset handling

Restore I/O; clear wake source
Rebuild application state  

6 Perform startup Initalization
Run domain restarts

Was the previous mode
standby?

Yes

No

Figure 2. FRDM-MCXE31B standby entry and recovery flow

The 48 MHz FIRC used immediately before entering to Standby and the clock retained during Standby are
separate decisions. The example uses FIRC while preparing the transition, then disables FIRC, and retains
SIRC for the Standby interval.

3.2  Recovery path
After startup, the example calls POWER_ExitFromStandbyMode() to determine whether the previous mode
was Standby, see the power_mode_switch_mcxe. The name can be misleading but the function identifies the
recovery source. It is not the point at which hardware exits Standby. The example restores the I/O state, clears
the wake-up request, deinitializes the wake-up peripheral, and prints:

Recover from standby mode.

The application then returns to the Run menu. A product must explicitly rebuild communication sessions,
peripheral configuration, algorithm state, and scheduler state required after recovery.

3.3  Clock and regulator configuration
The unmodified SDK APP_SetStandbyClockConfiguration() uses:

CLOCK_DisableFircInStandbyMode();
CLOCK_EnableSircInStandbyMode();
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It also disables unused high-frequency sources and the example disables the last-mile regulator, when
present, and the low-power V25 regulator before the Standby request. Therefore, the measured configuration
corresponds most closely to the SIRC-on row in the data sheet. It does not evaluate the all-clocks-off or FIRC-
retained cases.

3.4  Standby I/O and pad keeping
I/O configuration is part of the power-state contract. Before the Standby request, software must decide
whether each externally connected pin is actively driven, retained, used as a wake-up input, or placed in high-
impedance.

The SDK example clears DCM_GPR_DCMRWF1[STANDBY_IO_CONFIG] before entry and sets it after recovery.
This sequence enables pad keeping during Standby and removes it after recovery as required in the MCXE31x
Reference Manual (MCXE31XRM) and power_mode_switch_mcxe. The example also deinitializes the debug
UART, pulls JTAG TDI to a defined state, and enables the input buffer for the selected WKPU button pin. Also, a
product must review SIUL2_MSCRn settings for every connected pad:

• Use input-buffer and pull settings required by a wake-up input.

• Disable input and output buffers for an unused pin that must be high-impedance.

• Use pad keeping only when the retained static value is intentional.

• Avoid floating inputs and supply-domain mismatches that can dominate microamp-level measurements.

4   Wake-up and state-retention design

This section describes how to select a wake-up source and define the state that must survive Standby. It covers
the SDK wake-up options, the wake-up contract, and the use of Standby RAM for retained context.

4.1  Wake-up sources in the SDK example
The low-level example exposes six wake-up choices. For more details, see the power_mode_switch_mcxe.
They demonstrate different paths through WKPU and the Standby domain; they are not interchangeable in a
product. Table 5 summarizes their intended use and main integration concern.

Menu Source Suitable use Main consideration

A SWT0 timeout Watchdog-supervised or
demonstration timeout

Timeout ownership and
watchdog servicing policy

B RTC API timeout Simple RTC-based delayed
wake-up

API time base and RTC
initialization

C RTC timeout Direct RTC wake-up path Counter, alarm, and retained
time state

D LPCMP round-robin Analog threshold monitoring Input range, analog settling,
and LPCMP current

E PIT0 RTI Periodic interval wake-up RTI clock accuracy and
interval

F SW2 through WKPU External event and open-
ended current measurement

Pin bias, edge, filter, and
contact behavior

Table 5. Wake-up choices exposed by the SDK low-level example

The example routes SWT0, RTC API, RTC, LPCMP, and RTI events through WKPU sources 0 to 3, and SW2
through WKPU source 44 MCXE31x Reference Manual (MCXE31XRM) and power_mode_switch_mcxe. The
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measurement procedure uses SW2 so that the Standby plateau is not limited by a short software timeout. The
functional test uses a five-second SWT timeout because it creates a deterministic recovery record.

4.2  Define the wake-up contract
Before implementing Standby, define:

1. The event that is allowed to wake the device.
2. The clock, analog block, pin state, or time base required by that event.
3. The context that must survive the transition.
4. The initialization sequence that reconstructs the application after startup.
5. The behavior when a wake-up event is already pending during entry.

Clear stale status before entry and record the recovery source early in startup. A product must not enable every
possible wake-up source as a precaution; each retained resource increases integration complexity and can
increase current.

4.3  Select what state to retain
Table 6 provides a practical state-retention policy for startup-based recovery.

State type Recommended location Recovery action

Temporary calculation or
communication state Recreate after startup Re-initialize the owning module or task

Small context required for fast resume Standby RAM Validate a version or signature, then
restore

Configuration that must survive power
loss Nonvolatile memory Load with an integrity and compatibility

check

Default state Constants or reset defaults Reapply during normal initialization

Table 6. Recommended state-retention policy

MCX E315 and MCX E316 provide 16 kB of Standby RAM. However, MCX E317 and MCX E31B provide 32 kB.
Linker placement is toolchain-specific. Usually, retaining an entire runtime image is less robust than retaining a
small, versioned context, and rebuilding the rest.

5   Integration checklist and troubleshooting

This section provides a practical checklist for entering and leaving Standby and guidance for diagnosing
unexpected current, failed entry, immediate wake-up, or incomplete recovery.

5.1  Before requesting Standby
Before requesting Standby, bring the software, wake-up path, I/O, retained context, and measurement setup to
a known state. Complete the following checks before calling the Standby entry routine.

• Finish or cancel active transfers and wait for the debug UART transmission to complete.
• Configure and clear exactly one intended wake-up path.
• Move the system to the required entry clock before disabling PLL or oscillators.
• Disable unused peripheral clocks, analog blocks, and clock outputs.
• Define the state of every externally connected I/O and debug pin.
• Save only the context that is required after recovery.
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• Verify that the current-measurement instrument cannot interrupt the supply during entry or wake-up.

5.2  After wake-up
Wake-up from Standby re-enters the startup path instead of returning from the entry call. Restore retained
context, I/O, clocks, peripherals, and application state in a controlled order before resuming normal tasks.

• Detect the Standby recovery source before overwriting the retained context.
• Restore pad keeping and I/O configuration in the required order.
• to prevent an immediate repeated event, clear and deinitialize the wake-up source.
• Restore clocks before restoring peripherals that depend on them.
• Re-initialize communication, timing, and application state before resuming normal tasks.

5.3  Common reasons for unexpected current or failed entry
Table 7 maps common symptoms to the first checks to perform.

Symptom Likely cause Check

The current remains close to Run
current

Standby request was rejected or code
never reached WFI

Mode status, pending reset, console
completion, and entry sequence

The current is tens of microamps higher
than expected

Floating input, enabled clock output,
active peripheral, or board pull device

SIUL2 settings, JTAG/SWD, LEDs,
sensors, Ethernet, and expansion
headers

The device resets when the meter
changes range

Excessive burden voltage or an open
supply path

Fixed range, temporary bypass, fuse,
and lead connection

Immediate wake-up Stale WKPU status or an active wake-
up signal

Clear flags, input level, edge, and filter
configuration

A recovery code runs but the
application is invalid

The runtime state was assumed to
survive

Standby RAM contents, context
version, and reinitialization order

The measured current is negative or
inconsistent

External I/O is back-powering a supply
domain

I/O voltage levels and powered
peripherals

Table 7. Standby integration troubleshooting guide

6   Functional verification

The verified baseline follows the SDK example documentation power_mode_switch_mcxe:

• FRDM-MCXE31B

• MCUXpresso SDK 26.06.00

• boards/frdmmcxe31b/demo_apps/power_mode_switch/low_level

• 115200 bit/s, 8 data bits, no parity, 1 stop bit, and no flow control

The unmodified example is programmed to the board. An SWT timeout is selected and the device recovered
after five seconds. The relevant terminal transcript is:

Standby: Low Performance mode... 
SWT is selected as wakeup source! 
Will wakeup in 5 seconds. 
Recover from standby mode. 
Power mode: Run in FPM
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This record confirms the functional Run-to-Standby-to-startup path. It does not by itself prove a particular
Standby current. For the steady-current measurement, option F, SW2/WKPU, is used to keep the Standby
plateau active for the measurement window. No test required any changes to the source code.

7   FRDM-MCXE31B current experiment

This section documents a board-level current experiment using the unmodified FRDM-MCXE31B SDK example.
It defines the measurement boundary, equipment, sequential JP1 and JP2 procedure, results, and interpretation
limits.

7.1  Objective and measurement boundary
The experiment records one stable average current at JP1 and one at JP2 using the unmodified SDK binary. No
board resistor or supply voltage is changed.

JP1 is in the P5V0 to VDD_HV_A_MCU path. Its current includes the VREFH_MCU path supplied through R6.
JP2 is in the P3V3_BOARD to VDD_HV_B_MCU path. For more details, see the FRDM-MCXE31B Schematics,
SPF-95490. The two rail currents are reported separately. The values are not the total USB input current. Also,
a single value does not represent the complete MCU current.

7.2  Equipment and conditions
Table 8 records the conditions that bound the reported measurements.

Item Recorded condition

Board and software FRDM-MCXE31B, MCUXpresso SDK 26.06.00 unmodified
low-level example

Wake-up source SW2 through WKPU

Instrument Fluke 17B+ digital multimeter, DC µA range

Stable window Approximately 20 seconds after approximately 5 seconds of
settling

Ambient Room temperature, not controlled

Board connections MCU-Link USB connected; no expansion board attached

Table 8. Equipment and recorded measurement conditions

A temporary low-resistance bypass across the shunt under test carries Run startup and wake-up current. It is
removed only after the application enters Standby and reconnected before SW2 is pressed. This prevents a
normal microamp range from interrupting the MCU supply during a high-current transition.

7.3  Connection and measurement procedure
Measure JP1 and JP2 sequentially because each shunt represents a different MCU supply rail. Keep a
temporary low-resistance bypass in place during startup and wake-up, and remove it only after Standby is
stable.

1. Power off the board, remove JP1, and leave JP2 fitted. Connect the meter from the P5V0 side of JP1 to the
VDD_HV_A_MCU side.

2. Close the temporary bypass. Power the board. Select B for the Standby, then F for SW2/WKPU wake-up.
3. After the final terminal message, select the DC µA range. Remove the bypass and allow the reading to

settle. Record an average over approximately 20 seconds.
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4. Reconnect the bypass before pressing SW2. Confirm that the Run menu returns and then power off the
board.

5. Restore JP1, remove JP2, and connect the meter from the P3V3_BOARD side of JP2 to the VDD_HV_B_MCU
side. Keep the onboard 3.3 V supply; do not apply external 5 V.

6. Repeat the same Standby and measurement sequence for JP2, then restore both shunts after power is
removed.

Never connect a meter in current mode directly between a supply and the ground. Power down before moving a
shunt or meter lead, and do not remove JP1 and JP2 at the same time.

Figure 3 shows the sequential connections and the temporary bypass used during Run and wake-up transitions.

aaa-067274

Measurement sequence
1 Boot with the bypass closed. Select B (Standby), then F (SW2/WKPU).
2 Record one stable average at JP1. Reconnect the bypass before pressing SW2.
3 Power down, restore JP1, move the meter to JP2, and repeat once.
4 Record one stable average at JP2 and report the two rail currents separately.
Neither rail result is the total board input current or a strict data-sheet reproduction.

P5V0
Board 5 V rail
Board supply

Measured JP1 Boundary

VDD_HV_A_MCU
Check at TP7

(approximately 5 V)

Restore JP1
Remove JP2

Meter in series

Report separately
from JP1

Remove JP1 shunt
Red: P5V0 side
Black: MCU side

Temporary bypass for
run and wake-up

Remove in standby
Reconnect before SW2

A

VREFH_MCU
Included through

the on-board R6 link

Second: JP2

VDD_HV_B_MCU
Board supply: 3.3 V

Figure 3. Sequential JP1 and JP2 current measurements on FRDM-MCXE31B
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Figure 4. Representative instantaneous readings during the JP1 and JP2 Standby measurements

Figure 4 shows 49.2 µA at JP1 and approximately 1.0 µA at JP2 at the instant each photograph is taken. The
result table reports the average over the stable window; a photographed instantaneous reading can differ by
one least significant digit.

7.4  Results and interpretation
Table 9 reports the two rail measurements and preserves the applicable data sheet boundary for each
comparison.

Rail Measurement
boundary Measured supply 20 s average Data sheet

context Interpretation

JP1 VDD_HV_A_MCU
+ VREFH_MCU 4.97 V 49.2 µA 52 µA typical,

SIRC on

Same order under
the recorded board
conditions; not a
characterization
comparison

JP2 VDD_HV_B_MCU 3.27 V 1.1 µA 1.8 µA typical at 5
V

Plausible board
result; not a direct
error comparison
because the
supply voltage
differs

Table 9. FRDM-MCXE31B Standby rail-current results

The JP1 result is close to the data sheet SIRC on typical value, but it remains a board-level observation rather
than a characterization result. The JP2 result is lower than the 5 V data sheet typical value while the board
supplies the domain at 3.27 V. Supply voltage, silicon distribution, uncontrolled room temperature, instrument
behavior, I/O state, and board connections all limit a direct comparison.

The two currents are measured sequentially at different supply boundaries. They must not be added and
presented as a complete MCU or board current. The experiment demonstrates a practical measurement
method and confirms that the unmodified SDK reaches a low-current Standby state on the tested board.
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8   System-level power interpretation

The lowest Standby current does not necessarily produce the lowest average energy. For a periodic task, a first-
order estimate is:

I_AVG = (I_RUN x t_RUN + I_STANDBY x t_STANDBY) / (t_RUN + t_STANDBY)

When supply voltages differ, calculate the power for each rail: P_AVG = sum(V_i x I_AVG_i). Include entry
and recovery energy when the Standby interval is short. A final product decision must compare energy per
useful operation and event period, not only one mode current.

9   Conclusion

MCX E31x low-power software starts with a defined wake-up contract and an ordered transition of peripherals,
I/O, clocks, regulators, and retained state. Standby wake-up follows the startup path, so robust applications
retain a small explicit context and rebuild the rest.

The MCUXpresso SDK low-level example provides a directly runnable reference flow and retains SIRC in its
default Standby configuration. On the tested FRDM-MCXE31B, the unmodified example recovered correctly
through both timed and button wake-up paths. Board-level measurements produced 49.2 µA at the JP1
VDD_HV_A + VREFH boundary and 1.1 µA at the JP2 VDD_HV_B boundary.

These results demonstrate the method and expected scale; they do not reproduce all data sheet
characterization conditions. A product must repeat the review for its own supplies, I/O loads, wake-up sources,
retained context, temperature range, and energy profile.

10   Acronyms

Table 10 lists the acronyms used in this document.

Acronym Definition

DCM Device Configuration Module

DS Data Sheet

FIRC Fast internal reference clock

FPM Full-Power Mode; the SDK menu describes it as Full
Performance mode

IO Input/Output

JTAG Join Test Action Group

LPCMP Low-Power Comparator

LPM Low-Power Mode

PMC Power-Management Controller

RTC Real-Time Clock

RTI Real-Time Interrupt Timer

SDK Software development kit

SIRC Slow Internal Reference Clock

SWT Software Watchdog Timer

Table 10. Acronyms
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Acronym Definition

WKPU Wake-Up Unit

Table 10. Acronyms...continued

11   References

• SIL2 robust 5V Arm Cortex M7 MCU Data Sheet (MCXEP172M160FB0)
• MCXE31x Reference Manual (MCXE31XRM)
• power_mode_switch_mcxe
• FRDM-MCXE31B Schematics, SPF-95490
• Low power implementation on MCXA156 MCU series (AN14447)
• Power Management for MCX E24x (AN14736)

12   Note about the source code in the document

Example code shown in this document has the following copyright and BSD-3-Clause license:

Copyright 2026 NXP Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the
following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials must be provided with the distribution.

3. Neither the name of the copyright holder nor the names of its contributors may be used to endorse or
promote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT
SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED
TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN
ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
DAMAGE.

13   Revision history

Table 11 summarizes the revisions to this document.

Document ID Release date Description

AN15135 v.1.0 21 September 2026 Initial public release
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